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Dear Colleague:

In the interest of information exchange we have assembled
1AR/RD-93/17, Bafe Heliports Through Design and Planning.
During the last decade, the Federal Aviation Administration
(FAA) has published several dozen research and development
(R&D) reports dealing with the planning and design of landing
sites for vertical flight aircraft. These landing sites
include helipads at airports, heliports, helistops,
vertiports, and unimproved sites. Vertical flight aircraft
include helicopters, tiltrotor, and tiltwing.

These reports would make a stack that is several feet high.
Airport, heliport, and vertiport planners and designers
should be familiar with FAA R&D efforts in this area. We
recognize, however, that many people do not have the time to
read all of the published material. In addition, without a
"road map" through all of this material, it may be difficult
to see how multiple documents fit together to tell a coherent
story on a particular subject of interest. With this in
mind, the FAA has prepared this summary to assist you in
becoming familiar with the results of these efforts.

ctin V r eFHwoschinc
Acting Manager, Vertical Flight Program Office
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1.0 PURPOOR. During the last decade, the Federal Aviation
Administration (FAA) has published several dozen research and
development (R&D) reports dealing with the planning and design of
landing sites for helicopters, tiltrotor, and other vertical
flight aircraft. In addition, a number of R&D documents on these
issues are currently in process. Assembled in one spot, these
reports would make a stack that is several feet high.

Airport/heliport/vertiport planners and designers should be
familiar with FAA R&D efforts in this area. We recognize,
however, that many people do not have the time to read all of the
published material. In addition, without a "road map" through
all of this material, it may be difficult to see how the multiple
documents fit together to tell a coherent story on a particular
subject of interest. With this in mind, the FAA has prepared
this summary to assist you in becoming familiar with FAA
rotorcraft R&D efforts.

With many of the reports discussed in this summary document, the
overriding concern is safety. How safe must vertical flight
operations be? Society in the USA has a two part answer:

(1) As safe or safer than comparable segments of aviation
conducting similar missions, and

(2) Safer with each passing year. (See section 6.0 and
Appendix A for additional discussion on this point.)

In all facets of aviation, accident analysis shows that takeoffs
and landings pose a higher risk than en route flight. This is
also true for rotorcraft operations. Clearly, if the rotorcraft
community is to continue to reduce its accident rates, reductions
must be achieved in the number of accidents taking place at or
near landing sites. Such reductions can be achieved through a
combination of actions including training, design, operational
procedures, etc. This summary document focuses heavily on what
should be done via changes in landing site design.

1.1 Scope and Applicability. This document provides a summary
of FAA technical reports dealing with vertical flight landing
site design and planning issues. Of the reports that address
design issues, the majority are applicable to visual flight rules
(VFR) facilities. Instrument approach R&D is a major topic by
itself. This topic is addressed by a number cf the documents
discussed in this bibliography. However, there is a stronger
focus on VFR design issues than on instrument flight rules (IFR)
design issues.

Results of these efforts apply to landing sites at a variety of
locations including heliports, helistops, airports, vertiports,
and vertistops. Some of the results are also applicable to
unimproved sites. Of particular interest are the available
airspace and cleared ground area.
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Vertical flight aircraft require a certain minimum airspace and
ground area to operate safely. At a permanent landing site,
these issues are addressed during the design process. These
issues should also be addressed in selecting a temporary landing
site even if there is no need or intention to improve it.

In the Code of Federal Regulations (CFR) Title 14, Federal
Aviation Regulation (FAR) Part 157 provides an exemption to the
normal heliport notice requirements. Under this exemption, a
helicopter can conduct hundreds of operations at an unimproved
site without providing notice to the FAA. However, while notice
may not be required, good judgment in selecting a landing site is
always appropriate.

This technical report does not constitute an Federal Aviation
Regulation nor does it serve as an FAA advisory circular.

1.2 Report Structure. Concerning vertical flight landing site
design, some of the R&D issues have resulted in complex efforts
involving multiple reports. In order to show how the various
facets of these complex efforts fit together, these issues and
the associated documents are summarized and discussed in
section 2. Other vertical flight landing site design issues are
less complicated. These are addressed on a report by report
basis in sections 3 and 4. Section 3 contains a chronological
listing of published FAA R&D reports dealing with landing site
design issues and a short synopsis of each. Section 4 contains a
similar list for FAA R&D reports in progress.

Published vertical flight landing site planning reports are
addressed in section 5.

The structure of this document allows the reader to become
familiar with R&D efforts on particular design issues in
section 2. It also allows the reader to become familiar with one
or more technical reports of specific interest in sections 3, 4
and 5. This structure was chosen because it lends itself to
convenient use by readers with vastly different levels of
interest. However, using this structure does result in some
repetition between sections.

Section 6 contains a discussion from a general safety
perspective. This discussion relies heavily on the remarks of
Congressman Mineta made in a 1984 speech to the American
Institute of Aeronautics and Astronautics. These remarks deal
with the topic of aviation safety and are appropriate for
consideration in the discussion of vertical flight landing site
design issues. (Appendix A contains the full text of the
Congressman's remarks.)

Section 7 provides a brief summary of the conclusions on a number
of vertical flight landing site design issues. Section 8
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provides an overall summary and perspective on landing site
design.

In response t-, questions from industry, the FAA recently
reexamined the issue of rotorcraft tip clearances as a function
of rotor diameter during ground taxi and hover taxi operations.
Results of this analysis are contained in section 2.2.4 and in
Appendix B.

1.3 Availability of Documents. The technical reports listed in
this bibliography are readily available from three sources:

a. National Technical Information Service (NTIS). Many of
the technical reports listed in this bibliography are
available through NTIS. These documents can be identified
by the accession number given after the listing of the
document in sections 3 and 5. (In the example below, the
accession is shown in bold.)

Example: FAA/RD-90/8, Analysis of Helicopter Mishaps
At Heliports, Airports, and Unimproved Sites
(NTIS: AD-A231235)

NTIS is located at 5285 Port Royal Road, Springfield, VA
22161. The NTIS telephone sales desk is available between
8:30 AM and 5:30 PM EST, telephone: (703) 487-4650.
NTIS FAX telephone number: (703) 321-8547. NTIS telex
number: 64617. In ordering a document from NTIS, the
accession number should be used. The cost is dependent on
the number of pages in the document. Documents are
available from NTIS both in microfiche and paper copy.
Generally, the paper copies are printed from microfiche.
For additional information, write or call the telephone
sales desk and ask for the NTIS Product and Services
Catalog, PR-827/360.

b. American Helicopter Society (AHS). Copies of all of the
published technical reports listed in this bibliography have
been given to the AHS. Both AHS members and nonmembers may
obtain copies of reports for a fee.

c. Helicopter Association International (HAI). Copies of

all of the published technical reports listed in this
bibliography have been given to the HAI. HAI members may
obtain copies of reports for a fee.
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2.0 VERTICAL FLIGHT LANDING SITE DESIGN ISSUES. This section
contains a synopsis of recent R&D efforts involving the following
complex heliport/vertiport design issues:

a. Minimum VFR Heliport/Vertiport Airspace

b. Parking and Maneuvering Areas

c. Rotorwash

d. Helicopter Accident/Incident Analyses

e. Heliport/Vertiport Marking

2.1 Minimum VFR Heliport/Vertiport Airspace. For VFR heliports,
approach and departure surfaces are described in the 1994 FAA
Advisory Circular 150/5390-2A, Heliport Design. (For VFR
vertiports, approach and departure surfaces are described in the
1990 FAA Advisory Circular 150/5390-3, Vertiport Design.) Since
the heliport approach and departure surfaces constitute the
minimum required airspace for public heliports, they have been
the subject of debate for many years. During the 1984-1988
revision of the 1977 Heliport Design Guide Advisory Circular
150/5390-1B, the level of debate intensified and the FAA
initiated an R&D effort in response.

During the 1960's, 1970's and the early 1980's, most of the
discussion on this topic was been based on subjective experience.
In response to industry recommendations in the mid-1980's, the
FAA began several efforts to examine this issue objectively. The
first facet of this examination involved flight testing. The
second facet involved the examination of flight manuals and
certification data. The third facet involved an operational
survey of industry pilots. The fourth facet of this effort
involved accident analyses. For straight-in approaches and
straight-out departures, each of these facets is discussed below
in sections 2.1.1.1 through 2.1.1.4. For curved approaches and
departures, several of these facets are discussed below in
sections 2.1.2.1 through 2.1.2.3.

2.1.1 Straight VFR Approaches/Departures.

2.1.1.1 Flight Testing - Straight Approaches/Departures.
Several years ago, the FAA started a flight measurement project
to examine the issue of minimum required VFR heliport airspace
from a perspective of pilot performance. Test data were
collected objectively in a manner similar to what is done to
define the minimum airspace required for a precision approach.
Heliport approach and departure flight profiles were recorded
using a variety of subject pilots flying three different
helicopters: a Hughes OH-6, a Sikorsky S-76, and a Bell UH-1.
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A total of 1217 data runs (approaches or departures) were
completed. These included 239 runs with the OH-6, 468 runs with
the S-76, and 510 runs with the UH-1.

On approaches, the safety pilot flew the helicopter using a
ground survey point (on centerline, 4000 feet from the heliport)
to set up the approach. The subject pilot took control of the
aircraft at 500 feet AGL with the heliport in sight. On
departures, the subject pilot flew the helicopter without any use
of the ground survey point.

Position data were analyzed statistically to determine the mean,
standard deviation, and six sigma isoprobability curves. (The
six sigma isoprobability curves are based on an assumption of
Gaussian distribution and the same "target level of safety" that
has long been used for precision approaches by international
agreement.) Results of this effort are documented in FAA report
FAA/CT-TN87/40, Heliport Visual Approach and Departure Airspace
Tests.

At the start of these tests, some FAA personnel had expected that
the results might justify some modest reduction in the lateral
dimension of the minimum required VFR heliport airspace. Instead
of supporting this point of view, however, the test results
pointed toward a need to increase the minimum airspace
substantially, both in the vertical and lateral dimensions. This
result led the FAA to reexamine two issues: the selection of the
"target level of safety" and the assumption of a Gaussian
distribution of the flight data.

Regai'ding the selection of a six sigma "target level of safety",
the FAA studied this issue and documented the results in
FAA/DS-88/12, Minimum Required Heliport Airspace Under Visual
Flight Rules. (A six sigma target level of safety means that, as
a design goal, there should be no more than one collision with an
obstacle in 107 approaches.) The six sigma target level of
safety (TLOS) was chosen by the ICAO Obstacle Clearance Panel in
the mid 1970's. This TLOS for IFR approaches was based on 1960's
and early 1970's accident rates of fixed-wing, air transport
aircraft during precision approaches to runways. Both nationally
and internationally, this target level of safety has long been
used to define the airspace required for all precision
approaches, ILS and MLS, to runways or heliports. However, in
1987, it was not clear whether this was the best choice for a
target level of safety for VFR approaches of general aviation
helicopters to heliports.

Using an approach similar to that of the ICAO Obstacle Clearance
Panel (i.e., accident rate analysis), the FAA chose a TLOS for
VFR heliport approaches and departures. Results are documented
in FAA/RD-90/9, Analysis of Rotorcraft Accident Risk Exposure at
Heliports and Airports. This TLOS is based on 1977-87 helicopter
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approach and departure accident rates. By coincidence, this TLOS
is not significantly different than 1 in 107. Indeed, the
recommended TLOS of 0.8 in 107 is just slightly more demanding
than the TLOS of 1 in 107 originally chosen by the ICAO.

Regarding the issue of Gaussian distribution, a detailed
statistical analysis of the VFR heliport approach and departure
data is documented in report FAA/CT-TN89/67, Analysis of
Distributions of Visual Meteorological Conditions (VMC) Heliport
Data. This lengthy analysis (1054 pages) shows that the data are
not Gaussian distributed and that the lateral airspace required
is slightly smaller than the previous analysis (FAA/CT-TN87/40)
had indicated. However, the analysis of FAA/CT-TN89/67 still
indicates that the lateral dimension of the minimum required
heliport airspace would need to be substantially increased to
reach the selected TLOS. In addition, in the vertical dimension,
the absence of an adequate safety margin continues to be a
serious FAA concern.

With regard to airspace consumption in the lateral plane, the
results of FAA/CT-TN89/67 can be reduced to two figures (See
figures 1 and 2 shown on the following pages). These figures
show the six sigma distribution lateral limits for the originally
assumed Gaussian distribution, the six sigma distribution lateral
limits for the actual Beta/Gamma distribution, and the current
lateral limits of the 8 to 1 approach/departure surface defined
in the Code of Federal Regulations (CFR) Title 14, Federal
Aviation Regulation (FAR) Part 77. (Larger copies of these
figures are shown in Appendix C.) Results can be summarized as
follows:

1. In many but not all cases, the lateral limits of the six
sigma distribution for the actual Beta/Gamma distribution
are narrower than the lateral limits of the six sigma
distribution for the originally assumed Gaussian
distribution. Even so, there is a need to expand
significantly the width of the approach/departure surface.

2. During departures, pilots consumed significantly more
airspace in the lateral dimension than during approaches.
(This is due to the method used to set up the approaches.
The subject pilots initiated each approach at an altitude of
500 feet over a surveyed ground reference marker with the
heliport in sight. In contrast, during departures, the
subject pilots made no use of the ground reference marking.)
As a consequence, the departure data show the airspace
consumed when VFR heliport operations are unconstrained.
The approach data show the airspace consumed when VFR
heliport operations are constrained.
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3. Based on the plots of "All Aircraft Data" (See Figures 1
and 2), to achieve the recommended TLOS of 0.8 in 107 would
require that the current lateral dimension of the
approach/departure surface (currently 500 feet wide at a
distance of 4000 feet from the edge of the heliport) be
increased to the following amounts for the various cases:

7 degree straight-in approaches 1040 feet
8 degree straight-in approaches 1040 feet
10 degree straight-in approaches 1980 feet

7 degree straight-out departures 2424 feet
10 degree straight-out departures 4052 feet
12 degree straight-out departures 2878 feet

In the process of collecting approach and departure data, subject
pilots were surveyed on their preferences for approach and
departure angles. Pilots were also surveyed in an effort
documented in "Operational Survey - VFR Heliport Approaches and
Departures" (FAA/RD-90/5). With regard to approaches, pilots
prefer an approach of approximately 7 or 8 degrees. The 10
degree approach was judged to be undesirable because it increased
pilot workload and decreased the safety margin. For this and
other reasons, we believe that a 10 degree VFR heliport approach
will not be a common occurrence. Thus, we do not see a need to
design all heliports for this event.

With regard to departures, pilot surveys indicate that pilots
will fly a departure that is not much steeper than the minimum
required by the obstacles in the vicinity. For this and other
reasons, we believe that a 10 or 12 degree VFR heliport departure
will not be a common occurrence. In addition, when these stepper
departures are flown, the pilot will not maintain a 10 or 12
degree departure angle out to 4000 feet from the heliport. Thus,
we do not see a need to design all heliports for this event.

With these thoughts in mind, only three of the six data points
listed above are pertinent:

7 degree straight-in approaches 1040 feet
8 degree straight-in approaches 1040 feet
7 degree straight-out departures 2424 feet

With regard to the 7 degree straight-out departure, the FAA is
mindful of the fact that this testing was conduct- in an area
with virtually no obstacles. This provided little in the way of
a visual reference for the pilots during departure. (During the
approach, the aircraft was positioned over a ground marker by the
safety pilot and the subject pilots had the heliport itself as a
visual reference.) Thus, these departure data are consistent
with expected performance when a pilot conducts a nighttime
departure from a heliport and the obstructions can not be seen.
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This potential hazard could be alleviated by marking and lighting
obstacles in the vicinity of the heliport and in the vicinity of
the approach and departure paths (see figure 4).

Taking all of these issues into consideration, the heliport
approach/departure airspace (for straight-in approaches and
straight-out departures) can be designed safely based on the
analysis of the airspace consumed during these 7 degree and 8
degree approaches. Thus, the current 500 foot dimension of the
approach/departure path should be increased to 1040 feet.
Corresponding changes should be made to the transition surfaces.
Thus, the minimum required clear airspace is shown in figure 3.
(This figure describes the clear airspace required for a landing
site with only one approach and departure path.) In addition,
within the adjacent airspace defined in figure 4, obstacles can
safely be permitted if they are marked and lighted.

2.1.1.2 Analysis of Certification Data. Several years ago, the
FAA started an examination of a selected number of helicopters
from the perspective of performance capability. Results of this
effort are documented in the following reports:

FAA/RD-90/3, Helicopter Physical and Performance Data

FAA/RD-90/4, Heliport VFR Airspace Based on Helicopter
Performance

FAA/RD-90/6, Rotorcraft Acceleration and Climb Performance
Model

The key report here is FAA/RD-90/4. (The other two reports are
background documents.) Many of the conclusions and
recommendations in this report are of great interest to members
of the vertical flight community. In particular, we call your
attention to the following conclusions:

a. Based on the helicopter performance profiles, the
current VFR heliport protected airspace requirements are
inadequate to cover the range of helicopters and operational
conditions that are routinely encountered. The primary
problems are the lack of an acceleration area adjacent to
the helipad and the lack of a margin of safety between
allowable obstructions and required helicopter performance.

b. Current civilian helicopter flight manuals do not
contain sufficient performance data to adequately inform the
pilot of aircraft confined area performance capability.
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C. For four of the eight helicopters studied in report
FAA/RD-90/3, the flight manual height-velocity curves (H-V
diagrams) do not show operational advantages for reduced
aircraft weight or low density altitude conditions. These
maximum condition H-V diagrams tend to unnecessarily
constrain pilots from achieving better helicopter
performance in confined area operations.

These results indicate that, heliport design standards, vertiport
design standards, and FAR 77 all need to be revised. The FAA
should require an acceleration area prior to the start of the
approach/departure surface. A minimum acceleration distance of
140 feet is required at sea level. Additional acceleration
distance is needed at higher altitudes. With such an
acceleration distance and a heliport field elevation of 3,000
feet or less, the current 8:1 approach/departure slope should be
retained. For heliports with field elevations exceeding 3,000
feet, the approach/departure slope should be decreased to 9:1.

It should be recognized that the length of the FATO must be
longer than the desired acceleration distance. As shown in
figure 5, the length of the FATO includes the acceleration
distance, the length of the helicopter, and the tip clearance
required for the tail rotor. Taking all this into account, the
minimum FATO recommended for public use heliports is shown in
figure 6.

These conclusions were considered in the development of the 1994
Heliport Design AC. Some of these recommended changes are
reflected in the chapter addressing transport heliports. A
smaller number of these recommended changes are reflected in the
chapter addressing public general aviation (GA) heliports.

We also call your attention to the following long term
recommendations:

a. Flight Manuals - Performance Data - Require helicopter
manufacturers to include necessary performance data in the
helicopter flight manuals to inform the pilot of the
aircraft's capabilities for operations at confined area
heliports.

b. Flight Manuals - Height-Velocity (H-V) Diagrams -

Require helicopter manufacturers to provide information in
the helicopter flight manuals regarding the height-velocity
curve that informs the pilot of the changing nature of this
information as aircraft weight and density altitude change.
(Currently, H-V diagrams are often overly conservative.
However, this conservatism does not necessarily lead to
safer rotorcraft operations.)
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